Abstract
The distribution of landing positions and durations of first fixations in a region containing a noun preceded by either an article (e.g. the soldiers) or a high-frequency three-letter word (e.g. all soldiers) were compared. Although there were fewer first fixations on the blank space between the high-frequency three-letter word and the noun than on the surrounding letters (and the fixations on the blank space were shorter), this pattern did not occur when the noun was preceded by an article. Radach (1996) inferred from a similar experiment that did not manipulate the type of short word that two words could be processed as a perceptual unit during reading when the first word is a short word. As this different pattern of fixations is restricted to articlenoun pairs, it indicates that word grouping does not occur purely on the basis of word length during reading; moreover, as we demonstrate, one can explain the observed patterns in both conditions more parsimoniously, without adopting a word grouping mechanism in eye movement control during reading.
processed even from a fixation location that is not optimal. In either case, the chances of the system being able to process the group in one -or in the case of longer nouns two -well-placed fixation(s) should be relatively high and thus a strategy for placing that first fixation on the group may be optimal. It is less likely that this would be the case when the three-letter word is not a "default" from the point of view of the language processing system, or is of lower frequency. Alternatively, if the finding of a single normal distribution of first fixation locations is restricted to article-noun pairs, it might be that the pattern of results can be explained on the basis of an already known mechanism (a higher skipping rate for an article than for a high-frequency three-letter adjective, see below), and doesn't require the introduction of a new mechanism in saccade planning during reading.
To test whether Radach's observation would be limited to article-noun pairs, we compared the distribution of initial landing sites on an article-noun pair (the soldiers) with a pair in which the article was replaced by a high-frequency three-letter word (two soldiers). We chose high-frequency three-letter words to make the test as severe as possible; that is, although the three-letter words we used were less frequent than the word the, they were still very high-frequency words. Thus, if Radach's finding is replicated only for the article-noun condition, we would have a strong case that such a grouping mechanism is not being triggered by the length of the word to the right of fixation.
The optimal region to focus on in comparing the two distributions of initial fixations is the blank space between the two words. As mentioned earlier, the typical finding in reading is that each word has a normal distribution of landing sites, with the peak of the distribution a bit to the left of the center of the word. As a consequence, the blank space between two words is typically fixated relatively infrequently (Rayner & McConkie, 1976; McConkie, Kerr, Reddix & Zola, 1988) . This makes perfect sense from an information-processing perspective: due to visual limitations, the blank space is a poor location for encoding a word. As a likely consequence, when the eyes land on a blank space between two words, there is often a relatively short fixation on this location, followed either by a regression to the previous word or a progressive saccade to the next word (whichever was the intended target of the saccade). In the current analysis, we focus on the eye movement behavior on the blank space compared to the last letter of the three-letter word and the first letter of the following word. Should Radach's (1996) finding be restricted to article-noun pairs, we expect to observe both of the typical findings (i.e. fewer and shorter fixations on the blank space than for the other two positions) when the noun is preceded by a high-frequency three-letter word that is not an article, but not when the noun is preceded by an article.
Finally, there was another reason why we wanted to compare the eye movement behavior on an article versus a high-frequency three-letter word. Another indication of the special status of articles comes from research on the phenomenon of word skipping by Gautier, O'Regan, and LeGargasson (2000; see also O'Regan, 1979). They observed that in French the plural article 'les' was skipped more often than a three-letter verb. This finding was interpreted as an indication that the probability of skipping a word can be influenced by the processing ease of that word. their claim that the article les was skipped more than a three-letter verb was based on the observation that the landing distribution was shifted about 1.5 letters further to the right in the case of an article. The present experiment allows us to examine the size of skipping effects when an article is directly compared with a word that is also three letters long and is also easy to process. Moreover, we created a third condition in which the noun was preceded by a high frequency five-letter word (other soldiers).
The addition of this latter condition allowed us to observe the effects of both syntactic category and word length on word skipping in the same experiment. Materials. Sixty sentence frames were created so that the prototypical sentence featured a succession of the following three words: a verb 1 , the article the, and a noun which was at least five letters long. In the two other conditions, the article was replaced either by a high-frequency three-letter word or a high-frequency fiveletter word (see Appendix embedded in a pseudo-random order within a set containing 100 filler sentences and were preceded by 10 practice sentences.
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Procedure. When a participant arrived for the experiment, a bite bar was prepared, which served to eliminate head movements. Participants were asked to read sentences on the monitor as their eye movements were monitored. They were told that they would be asked questions about the sentences and were instructed to read for comprehension. The initial calibration of the eye-tracking system required about five minutes. Prior to the presentation of each sentence, a series of five boxes appeared on the monitor, extending from the first to the last character position of an 80-character sentence. During this calibration check, participants looked at each box so that the experimenter could verify that the eye position was accurately recorded. If the calibration was not accurate, the participant was recalibrated. If the calibration was accurate, the participant looked at the first box and the experimenter displayed the sentence. Questions about the meaning of the sentence were asked after 25% of the trials and participants had little difficulty answering the questions (overall accuracy was 96%). The experiment lasted about 40 minutes.
RESULTS
Fixation durations of less than 80 ms or more than 1200 ms were removed from the analyses as were trials on which the eye-tracker lost track of the eye position.
Thus, 2.2% of the trials were excluded; these trials were approximately equally distributed across conditions. A series of repeated measures analyses of variance (ANOVAs) were undertaken with participants (F1) and items (F2) as random variables.
Eye movement behavior preceding the critical region. To make sure our manipulation of word n did not affect the eye movement behavior prior to the saccade entering the region consisting of word n and word n+1 , we first examined the launch site for these saccades and their latency. Because 95.7% of these saccades originated from the verb preceding the region, we also report the gaze duration on the verb. As can be clearly seen from the values reported in Table 2 , there were no significant differences between conditions for any of these measurements (all Fs < 1).
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Skipping probability of word n . The skipping probabilities are shown in Table   3 . There was a significant effect due to word type [F1(2,58)=72.11, p<.001; F2 (2,118)=153.32, p<.001]. The article was skipped 16% more often than the three-letter word, which in turn was skipped 28% more often than the five-letter word. 
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Fixation times on word n. Regardless of whether word n was an article, a highfrequency three-letter word, or a high-frequency five-letter word, it usually received only one fixation when it was fixated (respectively 99%, 97% and 94% of the time).
Therefore we only report the single fixation durations 3 for word n (see Table 3 Fixation times on word n+1 . The fixation times on word n+1 are also shown in Although this latter finding seems anomalous, a similar inverted word length "spillover" effect was reported by Pollatsek, Juhasz, Reichle, Machacek and Rayner (2008). They also observed longer gaze durations on a noun when preceded by a short adjective than when preceded by a long adjective, and modeled this finding by a combination of (a) less than optimal fixations on the noun after short adjectives due to targeting errors, (b) the shorter adjectives being more difficult to process because they have more orthographic neighbors, and (c) fixations prior to skipping being at less than optimal positions for extracting parafoveal information. The longer gaze durations on the noun after the high-frequency three-letter word and the article than after the five-letter word in the current study indicates that this effect is not likely to be restricted to adjective-noun sequences, as the word prior to the noun in the present study was frequently a determiner in the high-frequency three-letter word condition and was an article in the remaining condition.
First-pass time on the region consisting of word n and word n+1 . As seen in Although the distribution for the article condition does appear, at first glance, to be a single distribution with the mean located at the beginning of word n+1 , we think it can be explained otherwise. (We defer further discussion of this finding to the Discussion section.) Although the distribution of first fixation locations for the high-frequency three-letter word condition also appears to be a single normal distribution, the blank space between word n and word n+1 is fixated less often than either the last letter of word n or the first letter of word n+1 . A comparison of the graphs in Figure 1 for the blank space and the surrounding letter positions indicates that the main difference is situated in the probability of landing on the last letter of word n . A repeated measures ANOVA on the probabilities of landing on the last letter of word n and landing on the blank space preceding word n+1 showed a significant main effect of word type; the eyes landed 6% more often on either of these two positions in the high-frequency three- Fortunately, a clearer picture of this bi-modality arises in the first fixation duration data. 
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First fixation times on the blank space between word
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DISCUSSION
Radach (1996) observed that the landing site distribution of a three-letter word followed by a five to seven letter word appeared to form a single normal distribution 4 .
He hypothesized that short word groups could form a perceptual unit during reading.
However, from his analysis, it was not clear whether this effect was largely or exclusively due to the fact that a large percentage of his three-letter words were articles. To examine this hypothesis we compared the landing distribution and the duration of the first fixations on a region consisting of either an article-noun pair or a high-frequency three-letter word followed by a noun. When the noun was preceded by a high-frequency three-letter word, we observed that the blank space between the three-letter word and the noun received fewer and shorter first fixations than did the letters immediately preceding and following the blank space (see also McConkie et al., 1988) . However, we did not observe these patterns when the noun was preceded by the article the: The landing distributions seemed to make up a single distribution with its peak near the beginning of the noun.
At this point, it would be tempting to assume a word grouping phenomenon which is restricted to article-noun pairs. While we cannot rule out this possibility, we consider a strategy of targeting the first fixation on the group in order to be able to process it as a whole to be quite implausible. That is, if the identity of the article has already been established up to the point where it can be sufficiently distinguished from other high-frequency three-letter words, why would one still need to process the article-noun pair as a group? Among other things, this would leave the reader in a worse position to process the noun than if the article were skipped.
As previously mentioned, we thought it was plausible that a unimodal distribution of landing positions on the two word region could result from a mixture of two distributions: (a) saccades targeted to word n and (b) saccades targeted to word n+1 (i.e., intended skips of word n ; we use the word "intended" because not all saccades land on their intended target, e.g. Drieghe, Rayner, & Pollatsek, 2008).
Moreover, we suggested that if we found a somewhat different pattern for articles and the high-frequency three-letter words, the difference in the distributions may be explained by the percentage of intended skips in the two cases. To assess this possibility, we attempted to model the distributions for the article and the highfrequency three-letter word condition as mixtures of the two distributions indicated above, with the only difference in the two conditions being the percentage of time the initial fixation on the region was an intended skip. Assuming that fixations targeted to word n , on average, landed on the middle of it and that fixations targeted to word n+1 , on average, landed a bit towards the beginning of it 5 , we could model quite successfully both distributions assuming the only difference between the conditions was the probability of an intended skip of word n (see Table 4 ). The assumption of a single distribution of landing sites on the region, resulted in an inferior fit (for the article condition Root Mean Squared Deviation=0.018 for the mixture model and 0.037 for the single distribution model; for the high-frequency three-letter word condition, RMSD=0.017 for the mixture model and 0.027 for the single distribution model).
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A few comments are in order. First, we should make clear that we do not view this as a serious modeling effort in the sense that we were not modeling the saccade process and, in particular, were not taking into account the varying launch sites from which a saccade into this area could be launched. Nonetheless, the parameters for the assumed distributions are not unreasonable, especially if one considers that attempted skips are generally fairly long programmed saccades and, as such, would tend to fall short of their intended target which is presumably the center of the noun (McConkie et al., 1988). Second, one object lesson is clear from the modeling effort. The most difficult thing to achieve is something other than a resulting unimodal distribution;
getting bimodality requires fairly small standard deviations and/or quite widely spaced distributions. Thus, the conclusion that a unimodal distribution over a twoword region implies that the region is being treated as a perceptual unit should be treated with great caution. Third, we did not attempt to model the fixation duration data. However, the difference between the conditions in the fixation duration on the space between the words seems plausible. That is, one way to characterize the pattern of fixation durations in Figure 2 is that the difference between the two curves gets smaller, the further to the right one goes (with the exception of the pair of points at the −3 location). This makes sense if one assumes: (a) that fixations on which word n was the target are appreciably shorter for the article than for the high-frequency 3-letter word, and (b) that the further to the right one is in the figure, the higher the probability that the word targeted (and hence being processed) is word n+1 . If so, then fixation duration differences should get smaller, the further to the right the initial fixation in the region is. (The exception to this pattern, at location −3, may be because some of these fixations were intended for the word prior to word n and thus would dilute the difference between the conditions.)
The current research also offered a good opportunity to examine the phenomenon of word skipping during reading, and more specifically the skipping of articles. Whereas previous research (Gautier et al., 2000) had confirmed that an article is skipped more frequently than a verb, it was of interest to compare the skipping rate of an article with another relatively easy to process three-letter modifier. Also, Gautier et al. based their claim that the article les was skipped more often than a three-letter verb on the observation that the landing distribution was shifted about 1.5 letters further to the right in the case of an article; the actual skipping rates were not reported.
We observed that the article was skipped 16% more often than the high-frequency three-letter word and that the high-frequency three-letter word was skipped 28% more often than the high-frequency five-letter word. The fact that word length is a strong influence on word skipping is in line with previous findings (Brysbaert et al., 2005 ).
Whereas we undoubtedly also tapped into some existing differences between the article and the high-frequency three-letter word on the level of frequency and predictability, the fact that this 16% difference is the largest reported effect of a linguistic nature when controlling for word length very strongly points toward an extra effect of syntactic category on the observed skipping rates (for a discussion on effect sizes in skipping see, Drieghe, Desmet & Brysbaert, 2007).
In summary, in an experiment with tightly controlled stimuli, we were able to replicate Radach's (1996) finding of a single normal distribution of initial landing sites on two adjacent words when the first word was a three-letter word. However, we were able to show that this finding is restricted to those instances when the first word was an article, and it appears that the patterns of data in both the article and the highfrequency three-letter word condition can be explained by assuming that they each result from mixtures of two distributions (saccades intended for word n and saccades intended for word n+1 ). The results of the current study appear to be compatible with the assumption that lexical processing in normal reading proceeds in a serial, wordby-word manner, and thus with models such as E-Z Reader (Pollatsek et al., 2006; Reichle et al., 1998) . 3. Single fixation duration is the duration of readers' fixations on the word on those trials on which the word was fixated exactly once. The results for first fixation duration and gaze duration were virtually identical to the single fixation data.
Author Note
4. Of the 60 nouns used in the current experiment, 40 fell within the 5 to 7 letterword range used by Radach (1996) . Removing the data of the other words, which were 8 to 11 1etters long, did not alter any of the observed patterns.
5. The mean of the landing sites for the saccades intended for word n+1 (i.e., intended skips) was +1.5, which is the average first fixation location on a 6 letterword coming from a launch site located 7 character positions away (i.e. in the current experiment 3 character positions preceding the blank space in front of the Table 1 . Example sentences from the experiment illustrating each of the 3 conditions.
The article "the"
The general placed the soldiers on the battlefield before the enemy arrived.
High frequency three-letter word
The general placed all soldiers on the battlefield before the enemy arrived.
High frequency five-letter word
The general placed other soldiers on the battlefield before the enemy arrived. Note: The distributions assumed for the mixture model in both the article and the high-frequency three-letter word conditions were normal, with standard deviations equal to 1.3 character spaces. The mean assumed (for both conditions) for the distribution of fixations intended for word n was -1.5 and the mean for the saccades?fixations intended for word n+1 (i.e., intended skips) was +1.5. The probability of an intended skip was assumed to be 0.5 for the high-frequency threeletter word condition and 0.6 for the article condition. The single distribution histograms were computed by fitting a normal distribution for each condition over the entire region containing the three-word modifier and the noun. 
